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Antidotes for pyrrolidone herbicides and herbicide antidote compositions. 
(§) An herbicide antidote composition comprises a pyrroli- 
done herbicide and an antidote for that pyrrolidone crop <j 
injury having one of the following formulas: 3 
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, .Antidotes f^o.i Py -rrc 1 - ?orj-t. herbicides . . : 
and Herblcic-w Antidote Compositions.. 

This_r inveritipn relates ^arvti del. t:. f or py-rrcl-i done 
herbicides,; to .r f ert:c:.ce antidote ^oppositions and tc a ; 
method for the control cf - ; v.egetatiory .using . such- compos- 
itions and,, more particularly ; to the following four/anti- 
5 dotes :/ N-ethyl -frTbenzyldich.ioroacetamice ; N ,N-cially;i- 
diclrloroacetamide 2 , 2 , 5-xr inethy 1-3- ( dichioroacety 1 ) ^ 
oxazolidine; and 2 , 2 , 2-t r i f luoroethyl-N-p-chlorcpheny 1- 
carbamate . 

An. herbicide i s a compound which controls or mod- 
1G ifies plant growth^ e.. ; g. , killing, retarding, . defoliating , 
desiccating , reguia.ting , stunting, tillering, stimulating, 
and dwarfing. The term plant "refers to ail physical 
parts of, a plant, including seeds, se..ediings, . saplings, . 
roots, tubers, s.tems : , stallcs,, foliage, .and. fruits- 
15 "Plant growth" includes all phases of development from 

seed germination .to ; , natural or. induced cessation cf life. 

Herbicides are generally used, to control or eradicate 
weed pests. They have gained a high degree of commercial 
success because it has been shown that such control can 
20 increase crop yield and reduce. harvesting costs. 

The. most., popular methods of herbicide application 
include: pre-plant incorporation into the soil; in-furrow 
application to seeds and surrounding soil; pre-emergence 
surface treatment of seeded soil; and post-emergence 
25 treatment of the plant and soil. 

A manufacturer of an nerbicide generally recommends 
a range of application rates and concentrations, calculated 
to maximize weed control. The range of rates varies from 
approximately 0.01 to 50 pounds per acre (0.0112 to 56 kilo- 
30 grams per hectare (k/ha) ) , and is usually in. the range 
of from 0.1 to 25 pounds per acre ( 0 . 112 to 28 k/ha). 
The term "herbicide! ly effective amount 1 ' describes the 
amount of an herbicide compound which controls or 
modifies plant growth. The actual amount used depends 
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upon several considerations, including particular weed susceptibility and 
overall cost limitations.:'.-.;^'.."; M JJ^ r : .L'i.. - ; ' 

13ie most ijrportant factor influencing the usefulness of a given 
herbicide is its* selectivity towards J crops; In sane cases, a benef icial 
5 crop is susceptible' to the effects of -the herbicide In addition, cer- 
tain herbicidal- doirpouhds are phytotbxic to -some weed species but nofc : to 
others. To be Effective, an herbicide must -cause -minimal damage (prefer- 
ably no damage) to the beneficial > crop while maximizing damage to weed 
species which plague that crop. 

10 Depending on the particular formulation used> the "pyrroiidone 

herbicide oonpourids of this invention have either of' two different effects 
on crops and weeds. < V3hen a pyrroiidone compound is formulated as an esrail- 
sifiable concentrate and applied^ bleaching of the crop occurs in the 
early stages of growth. Bleaching is due to loss of pigmentation in a 

15 plant and is seen as a yellowing of the plant's leaved; * : 

Vfihen a pyrroiidone oanpound is formulated as a microcapsule, ~ 
bleaching of the crop is significantly lessened'. However, weed control 
is also 'reduced. r - • '• y-rr- '" 1 A ' - : 

Tb preserve the beneficial aspects of herbicide usie, i.e. , to 
20 maximize weed control, and to ridriimize crop damage, many herbicide anti- 
dotes have been prepared. These antidotes reduce or eliminate damaqe to 
the crop while maintaining or increasing the damaging effect of the herb- 
icide on weed species; See, for exanple, U.S. Patent Nos. 3,959,304; 
4,021,224 and 4,021,229 and Belgian Patent No. 846,894. 

25 ■ . • precise mechanism by which ah antidote reduces herbicidal 

crop injury has not been established. An antidote ooitpound may be a 
remedy, inter ferent, protectant, or antagonist. As used herein, "anti- 
dote" describes a conpound which has the effect of establishing herbicide 
selectivity, i.e. , continued herbicidal phytotoxicity to weed species and 

30 reduced or non-^ytotoxicity to cultivated crop species. The term "ahti- 
dotally effective" amount" describes the amount of an antidote compound 
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which counteracts a phytotoxic response of a, beneficial crop to an herbi- 
cide. 

Description of the Invention 
The following oonpounds have now been discovered to be effective 
antidotes for pyrrolidone herbicide injury to a wide variety of crops: 

1. N-e thyl-N-benzy Id ich lor oacet amide having the formula 

ffV C2Hs 

CI2CHC-N : ' ; 

2. 2/2,2'^:ri£luior^ the 
formula' ' •••> ■ - ••• • >. - 



2CP3 



and 



formula 




3. ^N-diallyl-dichloroacetamide having the formula 

- CI p yCH2-CH=CH2 

H-C— O-N ; 
I . \ , 
CI CH2-CH=CH2 



4. - 2, 2, 5-tri^thyl-3-(didiloroacetyl)-oxazolidine having the 



CI 0 ^CH2-CH-CH3 



h-|:-^c-n 



a \: — o 
/ \ 

CH 3 CH3 



Ihis invention embodies a tvo-part herbicidal system comprising: 
(a) an herbicidally effective amount of a pyrrolidone compound 
of the formula 
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J. " 
Y-C 



rver 



z _ CHT ^e_CH 2 - ^T^r R 1 -i 
• I i • ' • 

. ,- •. ' R2 H ■ .' • -J . ;•' ■•\-, •<• '.■>::■ - '. 

in which V ■■ '■ ■ ' -■ '•' '■' ' • 7 i- - : " *" .' = 

. x Is hydrogen, chlorine or methyl; . 
y is hydrogen, chlorine or bromine"; 
Z is chlorine or bromine; 
5 R is hydrogen, alkyl having 1 to 4 carbon atoms, inclusive, 

acetyl, chlorine, bromine, fluorine, iodine, trifluoromethyl, nitro, 
cyano, alkoxy having .1 to 4. carbon atoms, Inclusive, alkylthio having 1 to 
4 carbon atoms, inclusive, alkylsulf inyl having 1 to 4 carbon atoms, in r 
elusive, alkylsulfonyl having 1 to 4 car ben atoms, inclusive, trifluoro- 
10 methylthio, trifluoccnethylsul^ pantafluoro- 
propionamido, or 3-methylureido; 

Rl is hydrogen, alkyl having 1 to 4 carbon atoms, inclusive, 
chlorine or trifluoromethyl;.. and, , : ; r I,. >. ;t 

R 2 is aUcyl having 1 to 4 carbon atoms, inclusive, or hydrogen; 

15 and, = ; 

(b) a non-ohytotoxic antidotally effective amount of ^compound 

having one of the following formulas: 

8 / C2H5 

1(b) d2CB>N • • ; ', ;: .r:-7 ;. \ 




2(b) CI— (/ \V-NHCOCH2CF3 



CI <j> ^ / CH2-CH=CH2 
3(b) H-C—C-N < or 

a ^CH2-GR=CH2 : 



CI 0 ^CH^H-CHS 
4(b) H-C—C-N. | 
1*- V O 



\ 
CH3 
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In a preferred enixriunen^ Y is chlorine, Z is 

chlorine , R is m-trif luoromethyl, R-| ;is hydrogen and R2 is hydrogen. 

This invention also includes, the method of controlling undesir- 
able vegetation and at the same time reducinq herbicidal crop injury due 
to a pyrrol idone herbicide which cr>nrprises applying to the locus where 
control is desired a oonposition oanprising: 

(a) an herbicidally, effective amount of a pyrrolidone compound 
of the formula * . . . 



X O 



N 



Z-CH <p— CH 2 




Rl 



R2 H 
in which 

10 X is hydrogen r chlorine or methyl; 

Y is hydrogen, chlorine or bromine; , 
Z is chlorine. or teonine; 

R is hydrogen r alkyl having 1 to 4 carbon atoms, inclusive, 
acetyl, chlorine/ brominev fluorine,- iodine, trifluoromethyl, nitro, 

15 cyano, alkoxy having 1 to.* 4; carbon atoms, inclusive, alkylthio having 1 to 
4 carbon atoms, inclusive, .alkylsulfinyl having 1 to 4 car ben atoms, in- 
clusive, alkylsulfonyL having 1 to 4 carbon atoms * inclusive, trifluoro- 
methylthio, trifluoronethylsulfinyl, trifluoromethylsulfcnyl, pentafluoro- 
propionamido, or 3-methylureido; 

20 Rl is hydrogen, 1 alkyl having 1 to 4 carbon atoms, inclusive, 

chlorine or trifluoromethyl; and, 

R2 is alkyl having 1 to 4 carbon atoms, inclusivem or hydrogen; 

and, 

(b) a non-phyto toxic antidotal ly effective amount of a compound 
25 having one of the follcwing formulas: 

■ ? / c2Hs 

1 (b) CI2CHC-N ; 

XcH 2~(3) 
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2(b) 

* ■ ■ ~ ci o ^di^^cBz 1 ' y * • :: ' v - • 

" : " ; ' : CI >Nv CH2-CH=CH2^ ." ; ■ - i :: ^ - • * ■:; 

4(b) H-f— C-N | . ; 

CI y 0 ^ 6 
Cli3 CH 3 

The locus where herbicidal selectivity -is desired may include 
soil f seeds , seedlings and vegetation, : : 

Preparation ^ -.■■'*' *■ " .'< — r ~ c :? • 

Hie pyrrolidone cxDnpoiii^s of can ^be pre— ■> ' 

pared fcy the procedures described in U.S. 'Patent: No; l 4, 11 0,1 05. 4<> ^ 

5 The l^thylH^benzyldichloroacetamide oottpound of ;tois ^invention Hv -i^|vy* 

may be prepared according to the following procedure. •: Fburteen. and tw>- > H^^fR^ 
tenths grains (14.2 g) (0. 105 itole) of -N^e 

sodium hydroxide, 50 milliliters (ml) of water v ahd 1 00 ml : of methylene i - ^ ' 
chloride were added to a reaction flask. Eburtieeh and seven-tenths g of V: 
10 2,2-dichloroacetyl chloride were added droiwise with dry ice cooling over 
a period of 3 minutes. Cooling was removed arid the mixture was stirred 
for an additional 18 minutes. - / ^ V - . v , .< . 

The reaction mixture was separated and the organic phase was 
washed twice with dilute hydrochloric acid, twice with 5% sodium carboav- 
15 ate, dried over magnesium sulfate and stripped ever water pump vacuum to 
yield 21.9 g of 2 , 2^ichloro-^^thyl-N--benzylacetamide (residual liquid). 
nj>30 = 1.5449. Structure was confirmed by infrared spectrosopy. 

The trif luorcsnethyl p-chlorophenylcarbamate compound of this 
invention may be prepared according to the following procedure. 
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Two and one-half grams (2.5 gT (0.025 mole) of 2,2, 2-trifluoro- 
ethanol, 25 milliliters (ml) : bf ; tri<^IoroiTet^ane f -3.8 g (0.025 mole) of 
p-chloropheriyliso<yanate, 3 drops of triethylamine and 1 drop of dibutyl 
tin dilaurate were combined," stirred at roan temperature for 15 minutes, 
5 refluxed for two hours, cooled and evaporated. Yield was 6.1 g of 2,2, 2- 
trifluoroethyl p-chlorophenyl carbamate, m.p. = 54-57°C. Structure was 
confirmed by infrared spectroscopy. 

The N,N-diallyl dichloroacetamide corpound of this, invention may 
be prepared according to the following procedure. Three and seven-tenths 
10 grams (3.7 g) (Oi.025 mole) of dichloroacetyl chloride were dissolved in 
100 milliliters (ml) of dichlorome thane and cooled to 5°C in an ide bath. 
Four and nine^tenths g (4.9 g) (0.05 mole) of diallylamine were added 
slowly, and the teirperature was maintained at about 10 °C. 

Ohe reaction mixture was stirred at room tenperatuire for four 
15 hours , washed twice with water , dried over magnesitm sulfate, filtered 

and stripped. Yield was 4.0 g of diallyl dichloroacetamide. 1^30 = 1.4990. 
Structure was confirmed by infrared and nuclear magnetic resonance spec- 
troscopy. 

The 2,2,5-trimethyl-3-(di^ ccnpound of 

20 the invention can be prepared according to the procedures described in 
U.S. Patent No. 3,959,304. 

Testing 

A stock solution of the pyrrol idone was prepared by dilutinq 
the requisite amount of the herbicide in water or in an acetone-water 
solution. Exanples of solution oorrpositions and application rates are 
25 summarized in Table I., 
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~ TABLE I . 

Herbicide Stpdk Solutions 
Composition 



Herbicide 
(m?)* 

781_ 

122 



> ■"■,-.d.;Water r 
(nil) 

100, 

20 



Acetone 
(ml) 



: Application 
.ml/flat** lb/acre 



20 



.2.67, 
2.73 



1.25 

0;5 



Herbicide Name 
1-m-tritluoro- 
methylphenyl^3- 
chloro-4-chloro- 
methyl-2- 

pyrrolidone v c- • - p r : . \- .v 

* The weight is measured in terms of mg of a 2E fornulation of the herbi- 
cide , that is, 2 lb of active ingredient, per gallai of. liquid, formula- 

** The flats measure 5.95 inches by, 9. 5 inches, ^proximately four (4) 
mg/flat is equal to one (1) lb/acre. 



In all cases, the herbicide was applied to the surf ace of the 
soil after planting the seeds and prior to emergence of the plants, that 
is, by pre-emergence surface application. The herbicide is sprayed cn the 
soil either in a tahk-^nix with the antidote or alone after pre-emergenoe 
5 surface application, pre-plant incorporation or m-furrow appliration of 
the antidote. . r v . 

Stock: solutions of the above-named antidote conpounds were pre- 
pared at the desired ccncentrations fcy ^ diluting t the requisite amount in 
acetone or in an acetone-water solution. Exanples of solution oomposi- 
10 tions, rates and application methods are suimarized in Table II. 



TflRTJ! II 

Antidote . Stock Solutions 



. Composition 



Antidote* (mg) 



Water 

Acetone (ml) (ml) 



- Application 
ml/flat lb/acre 



95 15 

95 15 

60 20 

300 20 



20 
20 



0.30 
1.50 
2.67 
2.67 



1.00 
5.00 
1.00 
5.00 



Antidote is at technical grade. 
IF = In-furrow surface application of antidote. 
*** pes = Pre-emergent surface application. 



Method 

IF** 
IF 

PES*** 
EES 
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Hie antidote solutions were applied to the soil either by in- 
furrow surface application, pre-plaht "incorporation or by pre-emergence 
surface application using an atomizet 6r a linear spray table. 

For in-furrow application, a one pint (473 cubic centimeters 
5 (cc) ) sanple of soil containing the previously incorporated herbicide was 
removed and retained f ran each planting flat; After leveling atnd furrow- 
ing the soil, seiads of the crop or "weed species were planted 1/2 inch deep 
(1.27 centimeter). Each flat was divided in half by a wooden barrier, A 
stock solution of the antidote was atomized directly onto the exposed 
0 seeds and soil in the open furrow on one side of the barrier. - The seeds 
in the entire flat were then covered with the previously removed soil. 
Ihe antidotal ly untreated sections of flats were compared for observed 
differences which would indicate lateral movement of the antidote through 
the soil. 

15 A few of the antidotes in the followinq tests were combined with 

the soil prior to planting the seeds. Such application is called pre- 
plant incorporation. Stock solutions of the antidote were injected into 
the soil in a 5-gallon cement mixer and mixed in proportions necessary to 
achieve the desired rates. The soil with the antidote was then trans- 

20 f erred to flats, leveled and furrowed into rows 1/2 inch deep. Enough 
seeds were planted to obtain good stands in each treatment. Ihe seeds 
were then covered with the antidote treated soil. 

Control flats contained crops treated with herbicide only. 
All flats were placed on greenhouse benches vhere tenperature was main- * 
25 tained between 70 and 90°F (21.1 to 32.2°C). Ihe flats were watered by 
sprinkling as needed to assure good plant growth. 

All of the soil used in the tests described herein was loamy 
sand soil treated with 50 parts per million (ppm) each of a commercially 
available fungicide, N- [ ( trichloromethyl ) -thio] -4-cyclohexene-l , 2-dicar- 
30 boximide, and 18-18-18 fertilizer, which contains 18% by weight equivalent 
each of nitrogen, phosphorus pentoxide/ and potassium oxide. 
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.Injury ratings were taken ..four weeks after application of the 
antidote. The effectiveness of the antidote was determined by visual com- 
parison of crop injury which occurred in the test flats to that which 
occurred in, the control flats., 

5 She treated crops initially screened for diminution of herbici- 

dal injury, were milo, wheat, cotton, rice, barley, corn and soybeans. The 
compounds were also tested on weed species. The weed, species tested 
included watergrass (Echinochloa crusgalli ) , foxtail (Setaria viridis) , 
wild oat ( Avena fatua) and nustard ( Brassica spp. ) 

' KEY TO TABLES III, IV, V, VIr VII, VIII, IX AND X 

Herbicides 

l-m-Trifluoroinet±iylph^ 

N-nK^arKDi*enyl-3-^^ . ^ 

Application Methods 
IF = In-furrow surface application of antidote (soil subsequently^ 
treated with herbicide only) . . _ t ^ 

PPI = Pre-plant incorporation of the antidote. 

PES = Pre-esnergence surface application of herbicide or antidote. 
TM = Tank-mixed solution of herbicide and antidote. 

10 If no antidote was applied, the word "none" appears in the Anti- 

dote Pate column. The results shown on this line are the percent injuries 
sustained ty each of the crops when treated with the herbicide only at the 
rate specified. 

All rates shown, for both herbicide and antidote, are in pounds 
15 per acre.. ( 

Injury Ratings 

The injury to the crops (Tables III, V, VII, and IX) car weeds* 
(Tables IV, VI, VIII and X) is shown as a percentage of damage done to the 
plants as compared to an evaluation of the overall undamaged state of the 
plants. The damage done to the plants is a function of the number of 
20 plants injured and the extent of injury to each plant. This rating is 
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made four (4) weeks after application of the herbicide alone or of the 
herbicide in combination with the antidote. 

An asterisk (*) in Tables III/ V, VII, and IX indicates that the 
antidote conpourri is active in- reducing herbicidal injury to the crop* 

Tables IV, VI, VIII and X show that the antidote compounds 
tested have no effect on weeds, i.e., herbicidal injury to the weeds is 
sustained even in the presence of the antidote compound. 
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TABUS IV 
Herbicidal Effectiveness 



Antidote: N-Ethyl-N-benzyl-dichloroacetamide 



Herbicide 

1-ro-trifluoro- 
methylphenyl-3- 
chloromethyl-2- 
pyrrolidone 



Antidote Antidote Water- 
Rate Rate Method qrass 



0.50 
0.50 
0.50 

0.50 
0.50 
0.50 



none 
1.00 
5.00 

none 
1.00 
2.00 



IF 
IF 



PES 
PES 



100 
100 
100 



Fox- Wild 
tail Oat _ Mustard 

100 
100 
100 



100 
100 
100 



100 
100 
100 



0.50 


none 




100 






100 


0:50 


1.00 


IF 


100 






100 


0.50 


5.00 


IF 


100 






100 


0.50 


none 




100 


100 


90 


100 


0.50 


1.00 


PES 


100 


100 


90 


100 


0.50 


5.00 


PES 


) 100 


100 


90 


100 


0.50 


none 










100 


0.50 


5.00 


IF 








100 


0.50 


none 




100 






100 


0.50 


1.00 


IF 


100 






100 


0.50 


5.00 


IF 


100 






100 



0.50 


none 






100 




100 


0.50 


1.00 


PES 




100 




100 


0.50 


2.00 • 


PES 




100 




100 


0.50 


5.00 


PES 




100 




100 


0.50 


none 




100 






100 


0.50 


1.00 


IF 


100 






100 


0.50 


5.00 : 


IF - 


100 






100 


0.50 


none 




100 


100 


90 


100 


0.50 


1.00 


PES 


100 


100 


90 


100 


0.50 


5.00 


PES 


100 


100 


90 


100 


0.50 


none 










90 


0.50 


5.00 


IF 








90 


0.75 


none 










100 


0.75 


5.00 


PES 








100 
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TABLE VI 
Herbicidal Effectiveness 
Antidote : 2,2, 2-Tr if luoroethyl-W-p-chlorophenylcarbamate 



Percent Injury 
Antidote Water- 



Herbicide 


Rate 


Rate - 


Method 


Mustard 


qrass 


Foxtail 


1-m-trifluoro- 


0.50 


none 





80 


90 


100 


methylphenyl -3- 


0.50 


1.00 


IF 


80 


90 


100 


chloromethyl-2- 


0.50 


2.00 


IF 


80 


90 


100 


pyrrol idone 


0.50 


c n a 

5.00 


IF 


80 


90 


100 




0.50 


none 





80 


90 


100 




0.50 


1.00 


PES/IM 


80 


80 


100 ' 




0.50 


2.00 


PES/IM 


80 


90 


100 




0.50 


5.00 


PES/IM 


80 


80 


100 




0.75 


none 


_ 


85 


100 


100 




0.75 


1.00 


IF 


85 


100 


166 




0.75 


2.00 


IF 


85 


100 


100 




0.75 


5.00 


IF 


85 


100 


100 

'•- 1 - - .*' 




0.75 


none 


— 


85 ' '"■ 


100 


100^ 




0.75 


1.00 


PES/IM 


85 


100 


ioo 




0.75 


2.00 


PES/IM 


85 


100 


100 




0.75 


5.00 


PES/IM 


85 


100 


100 ;\ 




1.00 


none 




100 


100 


ioo 




1.00 


1.00 


IF 


100 


100 


100 




1.00 


2.00 


IF 


100 


100 


100 




1.00 


5.00 


if : : ; 


100 


ioo: ■ 


100 




1.00 


none , 




: loo • 




, 100 




1.00 


1.00 


IES/1M 


100 


100 


ioo 




1.00 


2.00 


PES/IM 


100 


100 


ioo / 




1.00 


5.00 


PES/IM 


100 


100 


100 ■ 




2.00 


none 




100 


100 


100 




2.00 


1.00 


IF 


100 


100 


100 




2.00 


2.00 


IF 


100 


100 


100 




2.00 


5.00 


r: IF\ 


:■. ioo 


100 


: ioo 




2.00 


none 




100 


100 


100 




2.00 


1.00 


PES/IM 


100 


100 


100 




2.00 


2.00 


PES/IM 


100 


100 


100 




2.00 


5.00 


PES/IM 


100 


100 


. 100 
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23. 
! TABLE X .. 



Herbicidal Effectiven ess 
ANt idote : 2,2, 5-Trimethyl- j- (dichloroacetyl )oxazol idone 















Weeds 






Herbicide 


Rate 


Antidote 


Water- 


Pox- 


Wild 


Annual, 
rooming 
glory 


Velvet 


Rate 


Method 


grass "" 


tail 


Cane 


leaf 


1-m-trifluoro- 
methylphenyl-3- 
chloromethyl— 2— 
pyrrolidone 


0.50 
0.50 
0.50 
0.50 


none 
0.25 
0.50 
1.00 


PES/TM 
PES/m 
PES/IM 


100 
100 
100 
100 


100 
100 
100 
100 


100 
100 
100 
100 


70 
50 
100 
80 


100 
100 
100 
100 


N-m-cyanophenyl- 
3-chlorc— 4- 
chlorbmethyl 
pyrrolidone-2 


1.00 
1.00 
1.00 
1.00 . 


none 
0.25 
0.50 
1.00 


PES/IM 
PES/M 
PES/IM 


100 
100 
100 
100 


100 
100 
100 
100 


85 
90 
90 
100 


90 
70 
70 

100 . 


100 
100 
100 
100 



Field Test s of 2 r 2,5-Trimethyl-3-(dichloroacet y i>^oxazolidine 

2, 2, 5^in«tiyl-3-(dic^proacetyl)-oxazolidine was tested in the 
field. Plots, six feet wide by 'thirty feet long were prepared for plant- 
ing. . Seeds were planted in plots with a seed planter at a depth of 0.75 
to 1.5 inches, depending on the species seeded. The plots were treated 
5 with an herbicide alone or with an herbicide and antidote composition. 

Treatment was applied from a tractor calibrated to deliver 25 
gal/acre. The amount of solution needed per plot was 0.103 gal. ihe 
herbicide and antidote formulations used contain 2 lb of active ingredi- 
ent per gallon of formulation. 

20 ' Ihe amount of herbicide or antidote formulation needed per plot 

can be calculated as follows: 



Amount formulation needed = AxBxCxDx 



E 



15 



A - Rate to be applied in pounds of. active ingredient per 
acre 

B = gallons of formulation per lb of active ingredient 

C = 3785.3 ml/gallon 

D = 1 acre/43560 square feet 

E - Plot area in square. feet . 
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For example, to apply herbicide alone ,atJ 1/3 lb/acre, the following cal- 
culation applies: _ . : yy~ r; y-yi-~.--- . , f . : 

Amount formulation = 0.333 lb/acre x [1/2 (gal fornulation/lb active 

* ,/ iiigredieht)] *•" -y. yy 

5 " * * x 3785.3 (ml/gal) 

. x (1/43560) (acre/sq. ft.) | ^"j . - • 

x 180 sq. ft. r \ y •*; ■ "-y y; •' 

= 2604 ml/plot 



' This amount of formulation is measured and. diluted up to the 0.103 gal; . 
10 ( 399 . 1 ml) needed with water . The herbicide solution is then applied 1 at v 
the calibrated rate of 25 gal/acre. 

When both an herbicide and antidote were applied, the' l^rbicide 
antidote were measured separately and then 1 mixed tcge&er. ^ c^ineS 
solution was diluted up to the' 0.103 gal needed wit^ ^atfer. ; Each plot y 
15 was sprayed only once. ' . . . . , '.. . ; 

KEY TO TABLES XI, XII, XII, AND XIV 

Herbicide = 1-nKttifluoromethylph^ 

done • - • - .... .>.. .... ■ • > 

Antidote = 2,2,5-Trimethyl-N-dichloroacetyl oxazolidine 

The rates shown for both herbicide and' antidote are in pounds 

per acre. 

20 Damaqe to the crop (phytotoxicity) is measured quantitatively 

in terms 6f the extent as well as the degree o£ bleaching. These mea- 
surements were made 4-5 weeks after germination. 

The extent of bleaching refers to the number of plants showing 
bleaching symptoms in a plant population, irrespective of the degree of 
25 bleaching. Two bleached plants in a population of 10 would be recorded 
as 20% under extent. 



> ^ 00842S3 . 

25 

Ihe degree of bleaching, is a measure of . severity. It refers to 
the leaf area which is. bleached, in" relation to the total leaf area of the 
whole plant, expressed ^ in percentage. 

. * :- : t Percent weed control . is a oonparison of.. the damage <tone to the 
5 weeds in the treated plots as oonpared to the weeds which are present in 
the control (untreated) plot. " The damage done is a function of the num- 
ber of plants injured and the extent of injury to each plant. Weed con- 
trol and Cytotoxicity readings are measured on the same date. " 

Table XI shows the effect on crops of the antidote in canbina- 
10 tion with the herbicide formulated as an emulsifiable concentrate. The 
crops tested were 15 varieties of corn. For convenience, these varieties 
are referred to in the Table I as follows: 





A = 


Cargill 924 




B = 


Cargill 967 


15 




Dekalb XL-25A 




D = 


Dekalb XD-55A. 




E = 


Dekalb XL-72B 




F = 


Dekalb XIr-729 (F2) 




6 = 


PAG SX-17A . , 


20 


H 


ERG SX-189 






PAG SX-249 




J = 


Northrup king PX-79 




K ■-. 


Northrup King PX-95 




L = 


Northrup King PX-707 


25 


M = 


Pioneer 3541 




N = 


Pioneer 3183 




O = 


Trojan T-1189 



Table XII shows the effect on weeds of the antidote in combina- 
tion with the herbicide formulated as an emulsifiable concentrate. For 
30 convenience, the weeds are referred to in Table XII as follows: 

AA = Barnyardgrass ( Echinochloa crusgalli ) 
BB = Diffuse lovegrass ( Eragrostis diffusa ) 
OC = Cupgrass ( Eriochloa gracilis) 
DD = Common purslane ( Portulaca oleracea ) 
35 EE = Field bindweed (Convolvulus arvensis) 
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ff =^ Pigweed ( Am^anthuk ' spp. ) ' 
' ~ QG = L^ntosquarteiT ( 5ieriopbdium ; * spp. ) 

HH » Puncture vine ( Trikulus terrestris ) S '- A . 

Table Xill shows the ef feet orf crops of the^ant^te : in oonbina- 
5 tion with the herbicide formulated as a miorocapsbie; crops tested -> 

were barley, oat \ * arid 'wheat. 

Table : XIV shows the effect on weeds of' the antidote" in cQtrfaina- 
tionj£i±l^^ as a microcapsule. Four of these weeds 

^rTsSded and are referred to in the table as follows: - 
10 . . . TI = Browntop millet ( Panicum fasciculation) 

jj « Red millet ( Panicum miliaceum ) c ^ 

KK = Wild oat ( Avena fatua) ; ' 

LL = Green foxtail ( Setaria viridis ) 

The remaining eight weeds shown in liable xfv not seeded and are i 

15 referred to in the table as follows: 

m = purslane ( Portulaeu ol^racea ) 
NN = Pigweed ( Amaranthiis spp; ) 
00 = Bed maids ( Calandririia ciliata ) - 
pp = Lambsquarter ( Qienbpodium spp. : ) ''■ 

20 qq = Sheperdspurse (Cap^lia bircsa^pastoris) 

RR = Bluegrass ( Poa spp. ) ^ 
SS = Watergrass* ( Echinodiioa crusgalli ) 
TT = Jungle rice ( Echinochioa colonum ) 
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TABLE XII 

Effect on weeds of 
2/2,5-trimethyl-N-dichloroacetyl oxazolidine 
in combinat ion with 
l-m-trifluororrethylphenyl-a^lor^^ 

formulated as an emulsif iable concentrate; 



Herbicide 
Rate 


Antidote 
Rate 


AA 


BB 


CC ' 


DD 


EE " 


. FF 


GG 


HH 


0.33 




76* 


92 


92 


97 


30 


, 98; 


98 


86 


0.33 


0.50 


85 


90 


91 


99 


10 . 


99 


99 


84 


0.50 




85 


95 ' 


95 


99 


25 




98 


95 


0.50 


0.50 


85 


93 


97 


99 


11 


99 


99 


93 



* Data is an average of four replications. 



TABLE XIII 

Effect on crops of 
2 r 2 f 5-trimethyl-N-didiloroacetyl oxazolidine^ 
in combination with 

l-nh-triflix>ronethy^ 

formulated as a microcapsule 1 , 



Herbicide 


Antidote 




% Iniury 




Rate 


Rate 


Barley 


Oat : 


, Wheat 


0.20 




1* 


1 


• 1 


0.20 


0.50 


5 ' 


3 


1 


0. 20 


1.00 


5. 


4 


3 


0.25 




3 


3 


1 


0.25 


0.50 


5' 


5 


1 


0.25 


1.00 


5 . 


5 


3 


0.33 




4 


4 


3 


0. 33 


0.50 


5.- '• 


5 


1 


0.33 


1.00 


8 


5 


3 



* Data is an averaqe of two replications. 



29 



3 



0) 5, 

a. £ , 

o 

0 w 

* life 8 

W T 0 I 4J 

i- 5 it 



-u) 



CM 



5 



•M 



co 

CO 



SI ° 



CO 



81 £ 



81 



in 

CO 



CO 
ON 



in 

CO 



o 
ov 



in 



Ml CO 
Mj . CO 



0> 

us 



o o 



o 

CM 



CO 



o 
o> 



on 



in 
a\ 



in 

CO 



in 



o 
o> 



o 
on 



o 
to 



in 



in 

ov 



in 
as 



in 

ON 



o 

ON 



in 
ov 



in 
ov 



in 

on : 



o 

CO 



in 



m 

CO 



CO 



o 
o 



O rH 



CO 



o 
in 



in o 



in in 

CO - CA ' 



in in 

CO on 



O 00 
ON OS 



o in 

ON ON 



00 00 
ON OY 



o in 

ON ON 



co in 

ON, . ov 



in 

co 



in 



CO ON 

m on 



co in 
in on 



co 

CO 



o 

as 



in 



m o 

ON 



CO 00 
OS ON 



r- m 
cn as 



CO 
OV 



00 
ON 



in go 
as cn 



in co 

o> . ov 



ON O 

on r- 



o o 



as co 
on * tn 



o 
in 



ON 

as 



o 
o 



o 

ON 



CO 

as 



CO 
ON 



CO 
ON 



in 

ON 



oo 

ON 



00 
ON 



CO 
ON 



ON 
ON 



00 



as 



ON 



o 
in 



CO 
ON 



CO 

as 



CO 

as 



CO 

CTi 



CO 
ON 



00 
ON 



00 

as 



co 
cn 



ON 
ON 



co 

CM 



ON 

as 



ON 

cn 



o 
o 



S3 

o 



o 

CM 



in 

CM 



in 

CM 



in 

CM 



co 

CO 



co 



co 



03 

g 



r 



IS 
s 

a. 



QNcrv-vtrv /co 



, 0084253 

■ ■ ■ . 30 

Test Results 

The compositions of pyrrolidone herbicides and antidote com- 
pounds were effective for the reduction of herbicidal injury to a wide 
variety of crops. Use of the antidote compounds did not result in a 
reduction of herbicidal injury to weeds. 

The 2,2,5-trimethyl-W-dichloroacetyl oxazolidine conpound shows 
good antidotal effects for the 1-m-trif luoroirethyi^enyl-3-chloro-4- 
chlorcmethyl-2-^yrrolidc^ie herbicide. When the herbicide is formulated as 
an emulsifiable concentrate, the antidote reduces bleaching of the crop 
while maintaining good weed control (Tables I and II). When the herbicide 
is formulated as a microcapsule, the antidote maintains lew bleaching of 
the crop while increasing or maintaining weed control (Tables XIII and 

xiv). ; 

Formulations > f f *' 

A formulation is the incorporation of a foooulant iina form ; 
which is directly usable on crops and weeds. « As defined^ herein, a : "farnu- 
15 lant w is the material which is to be formulated. 2he formulant may be > 
either an antidote conpound alone or an herbicide and antidote oonposi-, 
tion. Ihe purpose of the formulation is to apply the formulant to the, * s 
locus where it is desired to establish herbicidal selectivity; by a ^conven- 
ient method. She "locus" may include soil, seeds, seedlings and vegeta- -\ 
20 tion. *' s ■ ./ 

The formulations are exxnmonly dusts, wettable powders, granules, 
solutions or emulsifiable concentrates. 

Dusts are free-flowing powder conpositions containing the formu- 
lant impregnated on a particulate carrier. Ihe particle size of the car- 
25 riers is usually in the approximate range of 30 to 50 microns. Exanples 
of suitable carriers are talc, bentonite, diatomaceous earth, and pyro- 
phyllite. The composition generally contains up to 50% of formulant. 
Anti-cakinq and anti-static agents may also be added.' Dusts may be 
applied by spraying from boom and hand sprayers on airplanes. 
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Wettable powders are' finely 1 divided compositions comprising a 
particulate carrier djripregnat^ with ' the 'fontiulant and additionally con- 
taining one or more surface active agents. The surface active agent pro- 
notes rapid dispersion of the pbvider " in an aqueous medium to form stable, 
5 sprayable suspensions . A wide variety of ^surface active agents can be 
used, for example; long chain fatt^ alcohols arid alkali metal salts of 
the sulfated fatty Alcohols ; salts of sulfonic acid; esters -of long chain 
fatty acids; and polyhydric alcohols, in which the alcohol groups are 
free, omegasubstituted polyethylene glycols of relatively long chain 
10 length. A list of surface active agents suitable for use in agriculture 
formulations can be found in Wade Van Valkenburg, Pesticide Formulations 
(Marcel Dekker, Inc., N.Y., 1973) at pages 79-84. 

Granules comprise' the forniilant impregnated on a particulate 
inert carrier having a particle size of about 1 to 2 millimeters (imi) in 
15 diameter. The granules can be made by spraying a solution of the formu- 
lant in a volatile solvent onto the granular carrier. Exanples of suit 
able carriers for the preparation of granules include clay, vermiculite 
sawdust, and granular carbon. 

Efrulsif iable concentrates consist of an oil solution of the 
20 formal ant plus an emulsifying agent. Prior to use the concentrate is 
diluted with water to form a suspended emalsion of oil droplets. The 
emulsif iers used are usually a mixture of anionic and nonionic surfac- 
tants. Other additives, such as suspending agents and thickeners, may 
included in the emulsif iable concentrate. 

25 the forroulant is an antidote and herbicide composition, 

the proportion of antidote oonpound to herbicide conpourri generally 
ranges from approximately 0.001 to 30 parts by weight of the antidote 
oonpound per weight of the herbicide compound. 

Fbrnulations generally contain several additives in addition to 
30 the formulant and carrier or agent. Among these are inert ingredients, 
diluent carriers, organic solvents, water, oil and water, water in oil 
emulsions, carriers of dusts and granules, and surface active wetting, 
dispersing and emulsifying agents. Fertilizers, e.g., amrmium nitrate 
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urea and . superpf»spha^e, may . be jU^uded^v., Jdcte^to and- growth, 

e.g., compost manure, -hunus and sarri,._may.alsp be included.;. 

Alternatively,, the antidote compounds ana herbicide, and .anti- . 
dote compositions of this invention can be applied bo a crop, by addition : 
5 of the formulant to irrigation water supplied, tp. ; the. field to be treated. 
Ihis method of application permits the penetration of pie compositions 
into the soil as the water is absorbed. , : .-. ,. 

As another alternative, the formulant can be applied to the 
soil in the form of a solution in. a suitable solvent. , .Solvents frequent- 
10 ly used in these formulations include kerosene, fuel oil, xylene,, .petrol- 
eum fractions with boiling ranges above xylene and aromatic petroleum 
fractions rich in methylated naphthalenes. : Liquid. solutions, like dusts, 
may be applied by spraying., from, boom and. hand, sprayers on , airplanes . # . 
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WHAT IS CLAIMED IS: 



K A conposition ccrrprising: 

(a) an herbicidally effective amount of a pyrrolidone ccnpound 
of the formula 




in which 

5 X is hydrogen, chlorine or methyl; 

Y is hydrogen, chlorine or bromine; 
Z is chlorine or bromine; 

R is hydrogen, alky! having 1 to 4 carbon atoms, inclusive, 
acetyl, chlorine, bromine, fluorine, iodine, trifluoromethyl, nitro, 
10 cyano, alkoxy having ;1 to 4 carbon atoms, inclusive, alkylthio having 1 to 
4 carbon atoms, inclusive, aUcylsulf inyl having 1 to 4 car ben atoms, in- 
clusive, alkylsulfonyl having 1 to 4 carbon atoms, inclusive, trifluoro- 
methylthio, trifluoromethylsulfinyl,. trifluoromethylsulfOTyl, pentafluoro- 
propionaniido> or 3^methylureido;; : - 

15 Rl is hydrogen, alkyl having 1 to 4 carbon atoms, inclusive, 

chlorine or trifluoromethyl; and, , . 

R2 is alkyl havinq 1 to 4 carbon atoms, inclusive, or hydrogen; 

and, 

(b) a non-phytotoxic antidotally effective amount of a corrpound 
20 having one of the following formulas: 

Kb) " Cl^-N 

2(b) C1H^^)~NH(^ 2 CF3 . 

O 



ff 
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CI 0 ^CH 2 -CH=CH2 

3(b) H-C— C-N t or 

CI X CH2-CH=CH2 ' ' r ' " 

CI 0 .CH2-CH-CH3 " ' ' 

I \\ / I . . 

4(b) H-C— C-N I 

CH3 CH3 

2. A composition as defined in Clainil wherein X is hydrogen, Y 
is chlorine, Z is chlorine, R is m-tr if luoromethyl , R-j is hydrogen, and R2 
is hydrogen. 

3. A conposition as defined in either of Claims 1 or 2 wherein 
5 the pyrrolidine compound is formulated as ah emuls if iable concentrate, j, 



4. - A conposition as defined in either of Claims 1 or 2 wherein ' 
the pyrrolidone conpouhd is formulated as a microcapsule^ * • • i; 

5. A method of controlling undesirable vegetation: and. reducing 
pyrrolidone herbicidal crop injury which comprises applying to the locus 

10 where control is-desired a conposition' comprising:' ; = = 

(a) an herbicidally effective amount ! of a vpyrrolidone compound, 
of the formula 

X 

■ ■ Y^- 

t/ 



in which 



Z-CH C— CH? 

\ ' 
R 2 H 




X is hydrogen, chlorine or methyl; 
15 Y is hydrogen, chlorine or bromine;. 

Z is chlorine or bromine; 

R is hydrogen, alkyl having 1 to 4 carbon atoms, inclusive, 
acetyl, chlorine, bromine, fluorine, iodine, trifluoromethyl, nitro, 
cyano, alkoxy having 1 to 4 carbon atoms, inclusive, alkylthio having 1 to 
20 4 carbon atoms, inclusive, alkylsulfinyl having 1 to 4 carbon atoms, 
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inclusive, . alkylsulfonyl hayi.ng.. 1, tq. 4 carbon atoms,, inclusive, trif luoro- 
methylthio, trifluorcrothylsulfinyl, trifluoron^thylsulfonyl, r pentafluoro- 
propionamido, or. 3-methylureido; 

Rl is hydroqen r alkyl having 1 to 4 carbon atoms f inclusive, 
5 chlorine or trifluoromethyl; and, 

R2 is alkyl having 1 to 4 carbon atoms, inclusive, or hydrogen; 

and, 

(b) a non-phytotoxic antidotal ly effective amount of a oonpound 
having one of the following formulas: 

? x C2H5 

Kb) Cl2CHC-tf . 



2(b) CI-// ;\)-NHC0CH2CF3 




C1 ° /CH2-CH=CH2 . : 

3(b) H -C— C-N . or 

I \ 

CL N CH2-CH=CH 2 

CI O ^052-01-013 
4(b) . . : , v H-C— C-N .. . 

d \: — o 
/ \ 

CH 3 CH 3 

10 6. A method as defined in Claim 5 wherein X is hydrogen, Y is 

chlorine, Z .3 chlorine, R is m-tr if luoromethyl , i s hydrogen, and 
is hydrogen. 

7. A method as defined in either of Claims 5 or 6 wherein the 
pyrrol idone. compcund is formulated as an emulsif iable concentrate. 

15 8. A metnod as defined in either of Claims 5 or 6 wherein the 

pyrrol ifme compound is formulated as a microcapsule. 
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9. " Wprocess' for ^^Wan r ««t4a6te-'h6rh»icidal ccnqpositioh 

comprising the admixing or: 

(a) an herbicidally effective amount of a pyrrblidone ocitpbund 

of the formula r ' - - • ' - M - ■ 




5 in which 

X is hydrogen, chlorine or methyl; 
Y is hydrogen, chlorine, or bromine; 
Z is chlorine or bromine; 

R is hydrogen, alkyl having 1 to 4 carbon atoms, inclusive, 
10 acetyl, chlorine, oromine, fluorine; iodine, triflubromethyl, nitro, 

cyano, aUcoxy having 1 to 4 carbon atoms, inclusive, alkylthio having .1 to 
4 carbon atoms, inclusive, alkylsulfinyl having 1 to 4 carbon atoms, in- 
clusive, alkylsulfonyl having 1 to 4 carbon .atonis \ inclusive, trifluoro- 
methylthio, trifluoromethylsulfinyl, trifluoromethylsulfonyl, pehtafluoro- 
15 propionamido, or 3 -methyl ureido ; 

Rl is hydrogen, alkyl having 1 to 4 carbon atoms, inclusive, 
chlorine or trifluoromethyl; and, 

R2 is alkyl having 1 to 4 carbon -atoms,- inclusive, or hydrogen; 

with 

20 (b) a non-phytotoxic antidotally effective amount of a compound 

corresponding to one of the following formulas: 

O ^ G2H5 - 

1(b) CI2CHC-N ■ ; • 



2(b) a^_^>-NHCC)CH2CF3 

O 




CI 0 ^ / OJ2-CIt=CH2 : '■' 
3(b) H-C-^N— . ; or 

a ^CH2-CH=CH2 
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4(b) 



CI 0 CH2-CH-CH3 
I II / I 
H-C — C-N 
I 

a : /• v 

„ CH 3 CH3 



in a weight ratio of the pyrrol idbne herbicide to said antidote from 
0.01:1 to 30:1. ' . ' ! < ; : . - 
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